Introduction
Biopsy grade is an important predictor of outcome following therapy for prostate cancer.
1,2 As originally described, Gleason sum is determined by combining scores from the predominant and second most prevalent cell architectures, with possible grades from 1 to 5, generating sums from 2 to 10. 3 However, primary grade 1 is infrequently used, resulting in few Gleason sum 2 or 3 tumors. Moreover, there has been a recent trend towards using Gleason grade 2 less, resulting in fewer Gleason sums 4 and 5 and an increased incidence of Gleason sum 6 tumors. [4] [5] [6] [7] Whether this reflects a changing natural history or simply different pathologic interpretation of similar tumors is unclear. 8 Since some pathologists recommend that a diagnosis of Gleason sums 2-4 cancer not be made on needle biopsy specimens, 9 systematic upgrading may be the cause of this upward grade migration. Reflecting this, nomograms and tables for predicting adverse pathology or biochemical recurrence following radical prostatectomy (RP) have provided either no risk separation 1, 10 between patients with biopsy Gleason sums 4-6, or essentially combined Gleason sums 5 and 6. 2, 11 However, other studies found that biopsy Gleason sums 4-6 do portend different cancer-specific survival risks. 12 Thus, it is unclear whether this trend toward decreasing use of Gleason sums 4 and 5 in favor of 6 on needle biopsy specimens is justified.
We sought to determine the significance of Gleason sum in predicting biochemical recurrence following RP among men with biopsy Gleason sums 4-6. To accomplish this, we utilized the multicenter Shared Equal Access Regional Cancer Hospital (SEARCH) Database 13 of men treated with RP.
Materials and methods
After obtaining Institutional Review Board approval from each institution, data from 1670 consecutive patients (excluding patients treated with preoperative androgen deprivation or radiation therapy) treated with RP from 1988 to 2002 at the West Los Angeles, Palo Alto, San Francisco, and Augusta, Georgia VAMCs, and the San Diego Naval Medical Center were combined into the SEARCH Database. Patients with biopsy Gleason sums X7 (n ¼ 459), o4 (n ¼ 32), or unknown (n ¼ 191) were excluded, resulting in a study population of 988, categorized as white (n ¼ 578), black (n ¼ 253), Hispanic (n ¼ 51), Asian (including Filipino, n ¼ 15), or other or unknown (n ¼ 89).
All biopsy samples were taken via ultrasound guidance. Percent of cores positive was calculated by dividing the number of cores positive by the total number of cores. A total of 178 patients did not have data on the percent of cores positive. Data on the percent of cores positive for patients with o4 cores obtained (n ¼ 43) were considered missing, to eliminate the impact of lesion directed biopsies. These 221 patients were included for comparing outcomes among men with various biopsy Gleason sums, but not for comparing Gleason sum to other clinical variables for their ability to predict PSA failure. The remaining patients had between 4 and 30 cores obtained, of which 44% had sextant (six cores) biopsies performed.
The prostatectomy specimens were sectioned per each institution's protocol. [14] [15] [16] [17] Patients were followed to determine PSA recurrence. Recurrence was defined as a single PSA 40.2 ng/ml or two values at 0.2 ng/ml. Patients with no follow-up data (n ¼ 46) were included for evaluating differences in preoperative and pathological characteristics, but not biochemical recurrence.
Statistics
Clinical and pathological characteristics were compared among patients with biopsy Gleason sums 4-6 tumors using an analysis of variance model (ANOVA) for continuous variables or w 2 for categorical variables. Correlation between variables was performed using the Spearman correlation coefficient (r). PSA, age, year of surgery, and percent of cores with cancer were examined as continuous variables while clinical stage (T1 vs T2/T3) was examined as a categorical variable. PSA was examined using the logarithmic transformation of PSA plus one to avoid large negative values for patients with very low serum PSA values. Time to recurrence was compared across the groups using a log-rank survivorship analysis and a Cox proportional hazards model. For multivariate analysis, a forwards-stepwise Cox proportional hazards model was used with Po0.15 determining which variables should be entered into the model at each step. The variable with the highest P-value was successively deleted until only variables with Po0.1 remained. All clinical (age, clinical stage, PSA, and biopsy Gleason sum) and pathological variables (surgical Gleason sum, pathological stage, extracapsular extension rates, margin status, seminal vesicle invasion, and lymph node positivity) were similar between the centers, and therefore data were combined for analysis. All statistical analyses were performed using STATA 7.0 (Stata Corp., College Station, TX, USA). Table 1 demonstrates the clinical and pathological characteristics of the study population separated by biopsy Gleason sum. Over time, there was a steady increase in the number of men with biopsy Gleason sum 6 tumors and a decrease in the percentage of men with biopsy Gleason sum 4 and 5 tumors (Spearman, year of surgery vs Gleason sum r ¼ 0.466, Po0.001). Thus, the overall changing demographics of patients undergoing RP likely explains the fact that patients with higher biopsy Gleason sums (more recently treated patients) were younger and had a higher rate of clinical T1 disease. Patients with higher biopsy Gleason sums had higher pathological Gleason sums, and there was a trend for a higher rate of extracapsular penetration and higher pathological stage. The correlation between biopsy Gleason sum and pathological Gleason sum, while statistically significant, was weak (Spearman r ¼ 0.277, Po0.001). Among men with biopsy Gleason sum 4, only 16% had the same grade in the RP specimen and 24% had a pathological Gleason sum X7. Table 2 ). Men with Gleason sum 6 had significantly higher recurrence rates than men with Gleason sum 4. The differences in PSA recurrence between biopsy Gleason sum 5 relative to 4 and 6 relative to 5 were not significant. However, both comparisons showed a trend for an identical increased risk of recurrence among higher Gleason sums (HR ¼ 1.31). There were no differences in outcome when Gleason sum 5 was separated into 2+3 vs 3+2 (P ¼ 0.701, Cox model). The continuous nature of Gleason sum as a predictor for biochemical failure was further confirmed using log-rank analyses, which demonstrated that as biopsy Gleason sum increased from 4 to 5 to 6, the number of observed PSA failures relative to the number expected steadily increased (P ¼ 0.025, Table 3 ).
Results
Given that biopsy Gleason sums between 4, 5, and 6 gave significant prediction for PSA failure in univariate analysis, we sought to compare grade to other clinical 
Discussion
There has been a recent trend towards a decreasing incidence of biopsy Gleason sum 4 and 5 tumors, and an increasing incidence of Gleason sum 6 among men undergoing RP. [4] [5] [6] [7] This probably reflects a trend in the pathology community away from assigning Gleason grade 2 towards assigning grade 3. 8, 9 However, whether this reduction in the number of tumors graded as Gleason sum 4 or 5 relative to 6 is justified by the finding that outcomes among men are similar across the range of Gleason sum 4-6 is controversial. 2, 10, 12, 18 To test whether men with low biopsy Gleason sums have different outcomes following RP, we examined data from a large multicenter database, the SEARCH Database. Among men with biopsy Gleason sums 4-6 tumors, we found that biopsy Gleason sum was a significant predictor of PSA failure following RP. Specifically, there was a steady increase in the risk of biochemical recurrence as biopsy grade increased from 4 to 5 to 6. After controlling for other preoperative clinical variables, biopsy Gleason sum remained a significant predictor of PSA failure. However, due to the systematic upgrading that has occurred over the past several years, the significant risk stratification provided by Gleason sums 4 and 5 has been lost.
Many studies examined the role of Gleason grade in predicting outcome among prostate cancer patients. 2, 10, 12, 18, 19 Clearly, the presence and amount of high-grade tumor (Gleason grade 4 or 5) in the biopsy specimen is associated with worse outcomes following RP. 19 However, whether the Gleason grading system maintains its prognostic significance among patients without high-grade tumor is unclear. Albertsen et al, 12 found that men with Gleason sum 6 tumors were at higher risk of prostate cancer death than men with Gleason sum 5 tumors who in turn were at higher risk than men with Gleason sum 4. These results are consistent with our findings. However, others found no significant differences between Gleason sums 4-6. 10, 18 Yet other studies found Gleason sum 4 tumors behaved similarly to Gleason sum 5, but that Gleason sum 6 tumors were higher risk. 2 Finally, others found no differences between Gleason sum 5 and 6 tumors, but that Gleason sum 4 tumors were lower risk. 11 We found that as biopsy grade increased from 4 to 5 to 6, the risk of PSA failure following RP steadily rose. This steady rise in PSA recurrence risk argues that in the range of 4-6, biopsy Gleason sum acts as a continuous variable with an equivalent increase in risk of recurrence for each successive rise in grade.
In the current analysis, we did not include men with biopsy Gleason sum 2 or 3 tumors, largely due to the limited number of patients (n ¼ 32). Alternatively, we could have combined them with Gleason sum 4 patients. However, whether it is valid to combine these groups, although often done, 2, 11, 12 is unknown. Moreover, none of these 32 patients were treated in the past 4 years, indicating that trying to predict outcome following RP for a patient with a biopsy Gleason sum 2 or 3 is an uncommon clinical scenario today.
Some urologic pathologists have argued that Gleason sums 2-4 should not be made on prostate needle biopsy specimens for several reasons. 9 First, the vast majority of biopsy Gleason sums 2-4 tumors diagnosed by community pathologists were upgraded when analyzed by urologic pathologists. 20 Second, there is poor reproducibility between biopsy and RP specimen grading and patients with low-grade tumors are often found to have higher-grade disease in the RP specimen. Third, there is often poor agreement among urologic pathologists in assigning a particular grade. 21 Finally, there is concern that men with low-grade tumors would be encouraged to undergo expectant therapy or be improperly counseled as to the risk of tumor progression. While we agree that these concerns are valid, the true test of any grading system is whether it provides accurate preoperative prognostic information. Our data show that there are significant differences in the risk of PSA recurrence for each of these low Gleason sums and support the continued reporting of all Gleason sums between 4 and 6 on needle biopsy specimens.
Bostwick 22 found that the greatest 'error' in assigning a grade occurred among small volume tumors. Thus, one could postulate that low Gleason sums are associated with lower volume disease resulting in improved PSA control rates confounding any analysis of Gleason sum. However, we saw no consistent trend in the relationship Limitations to the current study were that it was retrospective and the mean follow-up was relatively short. In addition, noncentralized pathologic evaluation of biopsy specimens from multiple institutions may make pooling of data problematic. However, it should be noted that all patients were treated since the publication and widespread acceptance of uniform prostate cancer grading guidelines. 23 Moreover, our biopsy data are representative of what most practicing urologists can expect to see in their own practice and as such, may have broader applicability than single institutional series using a dedicated urologic pathologist.
Conclusions
As biopsy Gleason sum increased from 4 to 5 to 6, the risk of PSA failure following RP steadily rose. Biopsy Gleason sum in the range of 4-6 remained a significant independent predictor of PSA failure after controlling for other preoperative clinical variables. However, due to systematic upgrading that has occurred over the past several years, the significant risk stratification provided by Gleason sums 4 and 5 has been lost. The routine use of Gleason sums 4 and 5 to grade prostate needle biopsy specimens should not be abandoned. More frequent use of Gleason sums 4 and 5 on prostate needle biopsy may restore the significant risk stratification once provided for by biopsy tumor grade among patients with lowgrade tumors.
